Introduction
Many yeasts and fungi secrete endo-and exo-/3-glucan hydrolases (8-glucanases) to the cell surface. In most instances the exact physiological roles of these enzymes are unknown (for reviews see Nombela et al., 1988; Fleet, 1991) but they undoubtedly participate in the metabolism of /3-glucan, the main structural component of the cell wall. The most widely accepted role of glucanases is localized hydrolysis of /3-glucan during morphogenic events. Exoglucanases have been detected in many yeasts but not Schizosaccharomyces pombe (Fleet, 1991) . The most abundant exo-enzyme of vegetative cells of Saccharomyces cerevisiae is secreted in two forms; I, with M , 83000 containing 40% carbohydrate and the more abundant 11, Mr 56000 with a carbohydrate content of 11 % (Ramirez et al., 1990) .
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The sequence data reported in this paper have been submitted to EMBL and have been assigned the accession number X56556 1,3 bonds and also hydrolyse p-nitrophenol-/3-glucoside and other glycosidic linkages at lower rates. Another exoglucanase is specifically produced by S. cerevisiae during meiosis (del Rey et al., 1982) and there is evidence for a third exo-enzyme Hien & Fleet, 1983; Vasquez de Aldana et al., 1991) .
Recently, the gene for the abundant vegetative exoglucanase of S. cerevisiae EXGl was cloned and sequenced (Vasquez de Aldana et al., 1991) . The open reading frame codes for a protein of 448 amino acids which includes a leader sequence preceding the amino terminus of the mature enzyme.
Only one exoglucanase has been detected in Candida albicans, and it accounts for most of the total glucanase activity (production of reducing sugar from the soluble p-1,3 polymer laminaran) in the growth medium and cell extracts Ram et al., 1988; LunaArias et al., 1991) . One preparation of the enzyme purified from cell extracts contained two polypeptides and it was concluded that the enzyme was a heterodimer of subunits Mr 63000 and 44000 (Molina et al., 1989) . More recently, the enzyme isolated from the growth medium was shown to be monomeric with Mr 38000 (Luna-Arias et al., 1991) . 0001-7716 0 1993 SGM In this paper we describe the purification of the exoglucanase from the growth medium of C . albicans ATCC 10261, the cloning and sequencing of the gene encoding the enzyme, and studies on the gene expression.
Methods
Organisms and plasmidr. Unless otherwise stated, C . albicans strain ATCC 10261 was used throughout this work. Escherichia coli strains DH5a and TG1 were hosts for recombinant plasmids and bacteriophage M13 respectively. E. coli strains NM538 and NM539 were hosts for bacteriophage 1. The plasmid pUC9 was used for subcloning experiments, and bacteriophages M 13mp 10 and M 13mpl9 were used to generate single-stranded templates for sequencing. A library of genomic DNA from C . albicans ATCC 10261 was in the bacteriophage 1EMBL4. Genotypes of E. coli strains and details of the bacteriophages and plasmids used in this study are listed elsewhere (Brown, 1991 
Hybond-C and Hybond-N+ were from Amersham International. Taq DNA polymerase was from Perkin Elmer Cetus, T4 DNA ligase was from Promega and restriction endonucleases were from Boehringer Mannheim. T4 DNA polymerase was from New England Biolabs. Zymolyase lOOT and endoglycosidase H were obtained from Seikagaku Kogo, and horseradish-peroxidaselinked goat anti-rabbit antibody was from Caltag Laboratories. Oligonucleotides were produced by an Applied Biosystems 380B synthesizer using p-cyanoethyl chemistry. All other reagents were from Sigma.
Growth conditions Liquid yeast cultures were grown at 30 "C on a gyrotary shaker (200 r.p.m.) and growth was measured as OD, with a LKB Novospec I1 spectrophotometer.
Enzyme purification. Exoglucanase was purified from 10 1 cultures grown in a New Brunswick Microgen fermenter in a medium containing 0.5 YO yeast extract, 1 YO (w/v) casein acid hydrolysate and 2% (w/v) glucose. Fermenter cultures were inoculated with 200 ml of a 24 h culture grown in the same medium and subsequently grown for 40 h at 30 "C with 10 1 min-' aeration and 400 r.p.m. agitation. The cells were harvested in a continuous flow centrifuge and the medium was concentrated to approximately 500 ml by ultrafiltration (M, 10000 cut-off filter). The concentrate was dialysed against 10 mM-sodium acetate buffer, pH 5.6, and treated batchwise with DEAE-cellulose (Waitaki International) equilibrated in the same buffer (0.4 bed vol/vol). The unbound material containing the exoglucanase was collected by filtration, NaCl was added to 1 M and the solution was mixed with phenyl sepharose (Pharmacia) (0.1 bed vol/vol) equilibrated in the same buffer. The phenyl sepharose was collected by filtration and washed on the filter with the same buffer. The bound enzyme was eluted with 50 YO (v/v) acetonitrile, dialysed against 0.1 M sodium phosphate buffer, pH 7.0 and concentrated by ultrafiltration to approximately 5 ml. Finally the enzyme was applied to a 60 cm x 2.1 5 cm gel filtration column (TSK G3000 SWG, Toyo Soda) equilibrated in the same buffer. The column was eluted at 2.5 ml min-', the fractions (2.5 ml) containing the enzyme were pooled, concentrated to approximately 5 ml and stored at 4 "C.
Determination of enzyme activity. Exoglucanase activity was determined with laminaran, 2 mg ml-', in 80 mM-sodium acetate buffer, pH 5.6. Assays (250 pl) were incubated for 30 min at 37 "C and the reactions were stopped by heating to 100 "C for 10 min. Glucose formation was measured by the glucose oxidase method (Bruss & Black, 1978) and one unit of enzyme activity produced 1 pmol glucose from laminaran per min. Alternatively, exoglucanase activity was determined by measuring the hydrolysis of p-nitrophenyl-p-glucoside. Each 250 p1 assay, containing 24 mM-glucoside and 80 mM-sodium acetate buffer, pH 5-6, was incubated for 30 rnin at 37 "C. The reactions were stopped by the addition of 80 p1 Na2C0, to a final concentration of 300 mM and the A,,, was measured. One unit of activity catalysed the formation of 1 pmol p-nitrophenol per min.
Protein estimations.
Protein was estimated by a modified Lowry method (Peterson, 1977) using bovine serum albumin as a standard.
Preparation of antiserum. Purified exoglucanase (180 pg) was emulsified in Freund's complete adjuvant and injected subcutaneously into a New Zealand white rabbit. Additional exoglucanase, 90 pg and 100 pg, was injected on days 22 and 36 respectively. Thirteen days after the last injection the rabbit was killed, the blood was allowed to clot and the antiserum was stored at -20 "C.
Gel electrophoresis. SDS-PAGE was carried out with 10% (w/v) acrylamide gels (Laemmli & Favre, 1973) and the following proteins were used as molecular mass standards: bovine serum albumin ( M , 66000), ovalbumin ( M , 45000), secreted aspartate proteinase of C. albicans (M, 42000) and carbonic anhydrase (M, 29000). Nondenaturing gels contained 10 % (w/v) acrylamide, with a continuous buffer system (Davis, 1964) . Exoglucanase activity was examined by incubating the gels in 0.1 M-sodium acetate, pH 5.6, containing 5 mg laminarin ml-' for 1 h and an activity stain which detected reducing sugars (Gabriel & Wang, 1969) .
Western blot analysis. Exoglucanase in samples of growth media (800 p1) was precipitated with 50 pg carrier BSA and trichloroacetic acid added to 8% (w/v). The pellets were washed twice with ethanol and dissolved in 20 p1 loading buffer, separated by SDS-PAGE (see above) and electroblotted onto a nitrocellulose membrane using a carbonate buffer system (Dunn, 1986) . Molecular mass standards were stained with 0.3 O h Ponceau S and the remaining protein-binding sites on the membrane were blocked with buffered gelatine [l Yo (w/v) gelatine, 0.05 YO Tween 20, 8 ~M -N~~H P O , , 1.5 nm-KH,PO,, 2.7 mMKCl and 14 mM-NaC1). Each membrane was incubated for 2 h with the rabbit anti-exoglucanase antiserum diluted 1 : 5000 in buffered gelatine. After three 10 rnin washes in the buffered gelatine the membrane was incubated for 2 h with a horseradish-peroxidase-linked goat anti-rabbit antibody diluted 1 : 5000 in the buffered gelatine. Following three 10 min washes in the buffered gelatine and one 5 min wash in 50 mMTris/HCl, pH 8.0, the membrane was incubated in developing solution (0.05 YO diaminobenzidine, 0.01 YO H202 in 50 mM-Tris/HCl, pH 8.0).
Carbohydrate analysis. For deglycosylation (Trimble & Maley, 1984) each reaction contained 100 ng pure exoglucanase in 100 mM-sodium citrate buffer, pH 5 3 with 12 mU endoglycosidase H, 0-01 YO SDS, 0.5 mg BSA and 0.25 mM-PMSF in a final volume of 100 pl. Detection of carbohydrate with concanavalin A involved electroblotting as described above, incubation with buffered gelatine, one wash with PCM buffer, pH 6.8 (20 mhl-sodium phosphate, 0 1 rn~-CaCl,, 0.1 mM-MnC1,) and incubation with concanavalin A in PCM buffer (5 pg ml-*) for 2 h with and without 0*2M-a-methyl mannose. After four 5 min washes in buffered gelatine and one 5 min wash in PCM buffer, the membranes were incubated with horseradish peroxidase (5 pg ml-') in PCM buffer for 2h. The membranes were washed as above and once in 20mM-sodium phosphate, pH 6.8, before incubation with developing solution as described above.
DNA manipulations. Restriction endonucleases and DNA modifying enzymes were used under the conditions recommended by the suppliers. Standard conditions for molecular cloning, hybridization, transformation and electrophoresis were used (Sambrook et al., 1989) . Molecular mass markers for agarose gels were produced by digestion of bacteriophage 1 with Hind111 and EcoRI. Yeast genomic DNA was isolated as described by Cryer et al. (1975) . The basic protocol for PCR was as provided by Perkin Elmer Cetus. The sequence of the oligonucleotide primers used in PCR were : CA(T/C)AA(T/C)GT(A/-
G/C/T)GC(A/G/C/T)TGGGA(T/C)TA(T/C)AA and GTCATGT-A(T/A)GGTTC(T/C)AAGACGAACCA. Each reaction (20 pl) was
for 40 cycles with a second portion of Taq DNA polymerase added at cycle 20. Optimized conditions included an annealing temperature of 48 "C and 3.5 mM-MgC1,. DNA fragments of interest were recovered from agarose using DEAE paper (BioRad). DNA fragments were labelled with [a-32P]dATP as described by Feinberg & Vogelstein (1984) . A library of genomic DNA, prepared from C. albicans ATCC 10261, was constructed in the cloning vector IEMBL4 (R. D. Cannon, unpublished results). The library screening and the purification of phage from positive plaques were as described by Ausubel et al. (1987) . Phage DNA was purified from liquid lysates as described by Grossberger, (1987) . A library of sub-fragments in M13 was generated by sonication (Bankier et al., 1987) . DNA sequencing was performed by the dideoxynucleotide chain termination method with [a-35S]dATP, a multiwell sequencing kit (Amersham) and the universal M 13 forward primer. Yeast total RNA was isolated as described by Schmitt et al. (1990) .
Computer programs. Editing, analysis and alignment of sequences was carried out using the programs VTUTIN, FASTA, CODONUSE, ALIGN, and HOMED (Pearson & Lipman, 1988; Stockwell, 1985; Stockwell & Petersen, 1987; Staden & McLachlan, 1982) . Table 1 summarizes a typical purification of the exoglucanase from the culture filtrate. Following concentration by ultrafiltration, a batchwise treatment with DEAE-cellulose was used to remove coloured impurities but this step did not increase the specific activity. Preliminary experiments showed that the enzyme was tightly bound to phenyl sepharose and could be eluted with a high concentration of acetonitrile. This was exploited in a batchwise purification step which gave a 45-fold purification. Gel filtration chromatography yielded a preparation which exhibited one band with a Mr of 42000 in SDS-PAGE (Fig. 1) . This is similar to the Mr of 38000 reported by Luna-Arias et al. (1991) for enzyme preparations from C. albicans strains 3 153a and 1001. The specific activity of the purified enzyme (65 U mg-' with laminaran and 2-13 U mg-' with pNFG) is approximately twice that reported for a purified preparation from C. albicans 1001 (Molina et al., 1989) . This can be accounted for by protein composition. The enzyme prepared from cell extracts of strain 1001 contained two bands (Mr 63000 and 44000) in a 1 : 1 stoichiometry and it was concluded that the native enzyme was a heterodimer. Native gel electrophoresis of the enzyme prepared in the present work showed that it contained one band of protein coincident with the band R. S. Chambers and others of enzyme activity (data not shown). Analysis of the excised band by SDS-PAGE revealed only one protein of M, 42000. The present study and the recent report by Luna-Arias et al. (199 1) indicate that the secreted enzyme is monomeric. Edman degradation of the intact enzyme yielded 35 residues of the amino acid sequence and confirmed that the preparation consisted of one polypeptide. This sequence was subsequently confirmed when the gene was cloned and sequenced (see below). Endoglycosidase H digestion, binding to concanavalin A, and expression in the presence of tunicamycin, all indicated that the exoglucanase from C. albicans ATCC 10261 does not contain N-linked carbohydrate, and this is consistent with the analysis of the enzyme from strains 3153a and 1001 (Luna-Arias et al., 1991). Fig. 2 shows a Western blot analysis of concentrates of the growth media from cultures of several C. albicans strains, Candida species and two other yeasts. Each C. albicans sample contained only one immunoreactive band of M , 42000. Immunoreactive bands were detected in the culture medium of C. parapsilosis (M, 43000), C. tropicalis (M, 44000) and C. kefyr (M, 43000, 47000, 52000, 60000). The bands detected in the growth media of other Candida species probably represent exoglucanases secreted by these organisms. The multiple bands in the C. kefyr medium may represent several related gene products or heterogeneity arising from posttranslational modification of one gene product. The M , 56000 band in the S. cerevisiae sample is as expected for the major glycosylated form of the exoglucanase secreted by this species (Ramirez et al., 1990) . No bands were detected in the growth medium of T. cutaneum, but this is a more distantly related yeast with a different wall composition (J. Depree, personal communication).
Results
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Cloning and sequencing of the exoglucanase gene
Oligonucleotide primers (see Methods) for PCR were synthesised to deduced sequences of the N-terminal protein sequence. One primer, a 23mer, was based on the backtranslated sequence of residues 4-1 1 (HNVAWDYN). The second, a 26mer, was based on the template strand for residues 22-3 1 (WFVLEPYMT). PCR with genomic DNA from C. albicans ATCC 10261 as a template gave the expected band of 83 bp. This product was gel-purified, end-filled using DNA polymerase I (Klenow fragment) and T4 DNA polymerase, phosphorylated using T4 polynucleotide kinase, and ligated into the SmaI site of Ml3mplO. Sequencing four of the resultant clones confirmed that the PCR product encoded the expected region of the exoglucanase gene. The 32P labelled 83 bp fragment was used to probe a AEMBL4 library of C. albicans ATCC 10261 genomic DNA. A positive plaque was purified to homogeneity by repeated plating and probing with the 83 bp probe. Digestion of the phage DNA with various restriction enzymes followed by Southern blots with the 83 bp probe showed that the gene was contained on a 4.9 kb HindIII fragment. This was subsequently cloned into pUC9 giving rise to pXG29. Further analysis of pXG29 with restriction enzymes and Southern blots with the 83 bp probe localized the gene to a 2.3 kb BglII-XbaI fragment (Fig. 3a) and this was used to construct a random sonicated sequencing library in M 13mp10. Templates of clones prepared from the library were sequenced until the coding region of the gene, all of the cloned upstream region, 227 bp, and 156 bp downstream of the termination codon was determined in both strands (Fig. 3 b) . As shown in Fig. 3 (b) , additional sequence in one strand (unpublished) was obtained in the downstream region. Southern analysis was used to determine the copy number and to detect any closely homologous genes in the genome. Genomic DNA from C. albicans ATCC 10261 digested with HindIII, PstI, EcoRI, BamHI and BglII was probed with the 4.5 kb BglII fragment (Fig. 3a) and washed at medium stringency (50 OC, 0.2 x SSC, 0.5 YO SDS). The number and the sizes of the bands (Fig. 4) were as expected except for the BglII digest. This restriction endonuclease yielded the expected 4.5 kb band and, additionally, bands at 1-9 kb and 2.6 kb. At high stringency (74 "C, 0.2 x SSC, 0.5 YO SDS) the probe bound to all the bands in the various digests including the 2.6 kb and the 1.9 kb bands (data not shown). One possible explanation for this result is that in the C. albicans ATCC 10261 genome one of the two chromosomal homologues contains an additional BglII restriction site, thus giving rise to a BglII RFLP. Alternatively there could be a homologous gene present in the genome. The former alternative is more probable because; (i) no additional bands were detected in the HindIII, PstI, EcoRI and BamHI digests, (ii) all the bands bound to the probe at high stringency, (iii) the 1.9 kb and 2.6 kb bands added together equal the 4.5 kb band, and (iv) the single strand sequence data (unpublished) revealed a sequence one base different from a BglII site and this is 1.9 kb from the upstream BglII site (see Fig. 5 ).
Analysis of the sequence Analysis of the sequence revealed that the 2.3 kb BglIIXbaI fragment contained an ORF of 13 17 bp coding for a protein of 438 residues with a predicted Mr of 50045 (Fig. 5) . The N-terminal amino acid sequence of the enzyme matches exactly with the predicted sequence starting at residue 39. Treatment of the enzyme with cyanogen bromide followed by SDS-PAGE and electroblotting (Matsudaira, 1987 ) produced a peptide 
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which yielded 25 residues in the amino acid sequencer. This sequence matched the deduced sequence starting at residue 239 and after Met238. The gene does not contain any introns. A codon bias index (Bennetzen & Hall, 1982) for the gene was calculated giving a value of 0.44, which is consistent with a moderate level of expression and is similar to that calculated for the exoglucanase gene (EXGI) of S. cerevisiae (Vasquez de Aldana et al., 1991). There are no potential N-linked glycosylation sites (Asn-X-Ser/,,r) and this is consistent with the carbohydrate analyses of the enzyme in the present and previous study (Luna-Arias et al., 1991) . In contrast, the exoglucanase of S. cerevisiae has two potential sites and both may be glycosylated (Ramirez et al., 1989) . The leader peptide (residues 1-38) contains a block of hydrophobic residues typical of signal sequences (residues 5-16) with potential sites for the signal peptidase after residue 21 or 25 (von Heijne, 1986) . The remainder of the leader sequence is probably removed by a Kex2-like endoproteinase because a required recognition sequence (KR) immediately precedes G39, the N-terminal residue of the mature enzyme. The predicted
Size of the mature secreted exoglucanase is therefore 400 residues, with Mr 45682. The Kex2 endoproteinase is located in a late compartment of the Golgi network (Fuller et al., 1989) , thus removing the leader peptide just prior to secretion. Other secreted enzymes of yeasts and fungi which undergo similar processing by a Kex2-like endoproteinase include the exoglucanase of S. cerevisiae (Matoba et al., 1988) . Kex2 endoproteinase processing of secreted proteinases could ensure that they are inactive prior to secretion; however it is not clear why this is necessary for the exoglucanase. Analysis of the upstream sequences of the exoglucanase ORF identified several sequences similar to the consensus sequences of elements important for transcription. At positions -219, -129 and -60 there are putative TATA boxes, at positions -158, -147 and -118, putative CAAT boxes (Benoist et al., 1980) and at positions -206 and -81, CT blocks (Dobson et al., 1982) .
Comparison of the C. albicans and S. cerevisiae exoglucanase sequences show they share a 57.8 % identity at the amino acid level and 85% if conservative substitutions are included (Fig. 6) . No other sequences in the EMBL or Genbank databases showed significant homology to either of these sequences.
Expression of exoglucanase
Glucanases have been implicated in the loosening or modification of the cell wall for expansion during growth. The expression of exoglucanase would therefore be expected to closely follow growth. A single transcript of 2.5 kb was detected by Northern blot analysis (Fig. 7 a ) . The amount of exoglucanase mRNA per cell was maximal during the early rapid growth phase (OD, = 1 to 4) and it then gradually declined as the growth slowed. At OD, = 32 the level was at least 100-fold lower than that of the early-growth-phase cells. Secretion of the exoglucanase was measured by Western blot analyses of the growth medium (Fig. 7b) . This showed that secreted exoglucanase is stable and accumulated throughout growth and into the stationary phase. Although the exoglucanase mRNA is maximally expressed at early exponential phase, the enzyme was not detected in the growth medium at this stage because of the low cell density and the sensitivity of the antiserum.
Discussion
In the present study an exoglucanase was purified from the growth medium of C . albicans ATCC 10261. This represents a more convenient and workable source of the enzyme than cell extracts which contain the enzyme derived from the wall and the intracellular pools. As judged by mobility in SDS-PAGE, N-terminal amino acid sequence (35 identical residues) and the absence of N-linked oligosaccharides the enzyme purified in the present study is the same as that obtained from the growth medium of C. albicans strains 3153a and 1001 (Luna-Arias et al., 1991) . It is also probable that the heterodimeric preparations of exoglucanase purified from cell extracts of C. albicans strain 1001 (Molina et al., 1989) contains the same catalytic unit of Mr 40000 &-2000. The enzyme derived from the culture medium and cell extracts are similar with respect to specific activities (allowing for the Mr 60000 protein in cell-extract-derived preparation), the ratio of activities towards laminaran and p-nitrophenyl-P-glucoside, and the K, for laminaran (H. Stubbs & P. Sullivan, unpublished results). The strong hydrophobic binding site exploited in the purification devised in the present 6. Alignment of the deduced amino acid sequences of the exoglucanases of C. albicans (1) and S. cerevisiae &GI (2). The sequences were aligned using the program ALIGN. Two dots indicate identical residues, one dot represents similar residues. study may account for the association of the enzyme with the Mr 60000 protein in the cell extract preparations. If the catalytic units of the exoglucanases from cell extracts and the growth medium are the same, the physiological significance of the association with the Mr 60000 subunit could be of interest. The basis for the hydrophobic domain is not apparent in the deduced amino acid sequence, but this and other structural features should become apparent now that crysials of the enzyme have yielded a native data set to 1.9 A (Cutfield et al., 1992) .
Deduced sequences within the ORF matched exactly with the N-terminal and an internal sequence of the purified enzyme. Consistent with the protein analysis there are no sites within the sequence for N-glycosylation. In other respects, the C. albicans gene has high homology with the two j?-( 1,3)-exoglucanases genes EXGl (Vasquez de Aldana et al., 1991) and the sporulation-specific SSG (F. del Rey, personal communication) cloned from S. cerevisiae. EXGl and the C. albicans genes encode similar ORFs (448 and 438 amino acid residues respectively); there are Kex2 processing sites at the amino termini of the mature enzymes and the sequence identity (58 % overall) is apparent throughout the sequences. It is not possible, however, to reconcile the apparent Mr values of the two enzymes obtained by SDS-PAGE. The deglycosylated product of EXG 1 migrates as expected for the polypeptide of 408 residues (Ramirez et al., 1989) but the C. albicans enzyme of 400 residues migrates with an apparent Mr of 42000 (this study) or 38000 (LunaArias et al., 1991).
As discussed above, several exoglucanases are produced by S. cerevisiae, but only one exoglucanase gene was detected by Southern analysis of genomic DNA from C . albicans. A BglII RFLP between chromosomal homologues was however detected at this locus. This is precedented by the report of a EcoRI RFLP at the URA3 locus of several C. albicans strains (Kelly et al., 1987) .
CT blocks upstream of genes have been associated with constitutively or highly expressed genes in S . cerevisiae (Dobson et al., 1982) . These are present in both the S. cerevisiae and C. albicans exoglucanase genes and may be important for expression. A 1.7 kb mRNA transcript was reported for EXGI of S. cerevisiae and this is consistent with the putative transcription elements associated with the gene (Vasquez de Aldana et al., 1991). The mRNA transcript of the C. albicans gene, however, was 2-5 kb meaning that either transcription initiation and/or termination occurs further away from the ORF or that the transcript contains a very long poly(A) tail. The exoglucanase transcript was expressed maximally during growth and this confirms earlier studies with S. cerevisiae (del Rey et al., 1979) . The rate of accumulation of exoglucanase in the growth medium was not proportional to the level of the mRNA transcript. The accumulation of exoglucanase in the growth medium, however, may be delayed because of the rates of translation, secretion and release of the enzyme from the cell wall. Expression was at a moderate level as judged by the Northern and Western blots and this was consistent with the codon bias index.
Identification of sequences that constitute the catalytic and binding site is not possible at this stage. There is no overall sequence homology with other glycanase sequences in the data bases. It is noteworthy however that the sequences LEP (residues 64-66) and NEP (residues 229-23 1) are highly conserved in many 1,4-/3-glucanases and that the NEP sequence is essential for catalytic activity (Baird et al., 1990 ).
